Introduction
In recent years, lithium-ion batteries (LIB) have been used as power sources for cells of phone, computer, camera, hybrid electric vehicle (HEV) and electric vehicle (EV) [1] [2] [3] . Particularly, practical application of automotive LIB is a great deal of attention because it can contribute to global warming by suppressing the emission of CO 2 and depletion problem of oil. Energy density is most important in the performance of the rechargeble battery. Energy density of nickel-cadmium battery and lead-acid battery is about 40-50 W h kg −1 although LIB is about 140 W h kg −1 [2] . In the future, improvement of safety in use and thorough reduction of production cost is required in order to expand the demand. LiMn 2 O 4 is a promising material for the cathode material for LIB because this has several advantages such as low cost, low toxicity, rich resource and high safety compared with other cathode materials such as LiCoO 2 and LiNiO 2 [4] . However, the major problem with LiMn 2 O 4 is low capacity and low life with phase transformation at around room temperature [5] . One of the methods to overcome this problem is to stabilize the spinel structure by substituting Mn in LiMn 2 O 4 with transition metals (Al, Mg, Ti, Ni, Fe etc.) [6] [7] [8] [9] [10] [11] . Also, improving synthesis process is important in order to reducing manufacturing cost. Controlling atmosphere, heating temperature and heating time in the solid state reaction is a factor that contribute to the cost reduction [12] . In this study, we report the solid state reaction method that is easiest synthesis method. The purpose of this study is to report optimal synthesis condition of Fe doped LiFe 0.1 Mn 1.9 O 4 .
Experimental
Li 2 CO 3 , Fe 2 O 3 and MnO 2 powder were used as starting materials to synthesize LiFe 0.1 Mn 1.9 O 4 . Those powder weighed at a predetermined molar rate (Li:Fe:Mn = 1 : 0.1 : 1.9), and mixed for 1 h in a mortar with pestle.
Thermogravimetric analysis (TG) and differential thermal analysis (DTA) were performed to analyze the weight loss temperature in a TG-DTA system (2000s,NETZCH JAPAN) at a heating rate of 5 K min −1 from 25 K to 1173 K with air flow rate of 100 ml min −1 . We decided the heat treatment temperature of the mixed powder from TG-DTA measurements. Mixture powder was heated at several temperatures for 8 h in furnace.
We carried out TG analysis at a heating rate of 20 K min −1 with Air flow rate of 25-150 ml min −1 in order to investigate the effect of gas flow rate on the thermal decomposition of Li 2 CO 3 . Li 2 CO 3 and Mn 1.9 Fe 0.1 O 3 powder weighed at a predetermined molar rate (Li 2 CO 3 :Mn 1.9 Fe 0.1 O 3 = 1:2) for starting material.
The crystal structure of the samples was characterized by X-ray powder diffraction (XRD-6100 Shimazu).
Results and discussion
The TG-DTA curve of the Li 2 CO 3 -Fe 2 O 3 -MnO 2 mixture powder at 5 K min −1 heating rate was shown in Fig. 1 . On the TG curves, a weight loss can be observed from 298 K to 973 K. It can be estimated to be a CO 2 was released by thermal decomposition of Li 2 CO 3 and a O 2 was released by the synthesis of LiFe 0.1 Mn 1.9 O 4 . Mixture powder was heated at 600-1023 K for 8 h from this result of measurements. Fig. 2(b) can be confirmed peaks of the same starting materials in Fig. 2(a) . Fig. 2(c) • in (f) was slightly confirmed, it was not possible to obtain a single phase of LiFe 0.1 Mn 1.9 O 4 finally.
Next, we changed heat treatment time for 1-32 h at 1023 K in order to investigate the influence of heat treatment time. Fig. 3 shows XRD patterns of heated mixture powder at 1023 K for (a) 1 h, (b) 2 h, (c) 4 h, (d) 8 h, (e) 16 h and (f) 32 h. Fig. 3(a) Fig. 3(d)-(f) , respectively. The lattice parameter decreases from 8.247 to 8.225(8)Å by Fe doped. It is considered that this small difference in lattice parameter is due to difference of the ion radius of Mn and Fe. However, it can't be confirmed difference in Fig. 4(c) and (d) . Therefore, the optimal gas flow rate is 100 ml min −1 in this study. In addition, the activation energy was 178 kJ mol −1 at air flow rate 100 ml min −1 . In summary, the optimal condition to achieve reduction of synthesis cost of LiFe 0.1 Mn 1.9 O 4 was determined, that is heat treatment at 1023 K for 32 h in Air flow rate 100 ml min −1 . 
Conclusions
The weight loss during synthesis progress of LiFe 0. • , it was disappear when heated at 1023 K for 32h.
It could not be confirmed difference of weight loss speed when Air gas flow rate was increased more than 100 ml min −1 . Therefore, the optimal condition during synthesise of Fe doped LiFe 0.1 Mn 1.9 O 4 spinel cathode material by solid state reaction is heated at 1023 K for 32 h in Air flow rate 100 ml min −1 .
